Periodontitis is an infectious polymicrobial, immuno-inflammatory disease of multifactorial 29 aetiology that has an impact on the health, production and welfare of ruminants. The objective of the 30 present study was to determine the microbial profiles present in the gingival sulcus of cattle 31 considered periodontally healthy and in the periodontal pocket of animals with periodontitis lesions 32 using high-throughput bacterial 16S rRNA gene sequencing. Subgingival biofilm samples were 33 collected from 40 cattle with periodontitis and 38 periodontally healthy animals. In total, 1923 OTUs 34 were identified and classified into 395 genera or higher taxa. Microbial profiles in health differed 35 significantly from periodontitis in their composition (p < 0.0001, F = 5.30; PERMANOVA) but no 36 statistically significant differences were observed in the diversity of healthy and periodontitis 37 microbiomes. The most prevalent taxa in health were Pseudomonas, Burkholderia and 38 Actinobacteria, whereas in disease these were Prevotella, Fusobacterium and Porphyromonas. The 39 most discriminative taxa in health were Gastranaerophilales, Planifilum and Burkholderia, and in 40 disease these were Elusimicrobia, Synergistes and Propionivibrio. In conclusion, statistically 41 significant difference exists between the microbiome in bovine oral health and periodontitis, with 42 populations showing 72.6% dissimilarity. The diversity of the bacteria found in health and 43 periodontitis were similar and bacteria recognised as periodontal pathogens showed increased 44 abundance in disease. In this context, the main components of bacterial homeostasis in the biofilm of 45 healthy sites and of dysbiosis in periodontal lesions provide unprecedented indicators for the 46 evolution of knowledge about bovine periodontitis.
Results

143
3.1. Sequencing output 144 Sequencing generated 1,296,437 read pairs and after merging and quality filtering 86.5% of 145 these (i.e. 1,122,045) remained. Following clustering (including chimera checking) 88.5% (992,913) 146 of these 1,122,045 sequences were mapped to OTUs and were thus present in the OTU table used for 147 downstream analysis. After random subsampling at 50%, 1923 OTUs were identified and classified 148 into 395 genera or higher taxa. The most prevalent genera or higher taxa are shown in Figure 1 . Curtis analysis demonstrated 72.6% dissimilarity between the two groups. No statistically significant 157 differences were observed in species richness or diversity of healthy and periodontitis microbiomes 158 ( Figure 3) . 159 On average, healthy samples contained 238 OTUs (SD 158, , while the 160 periodontitis samples contained 245 OTUs (SD 114, . 
Differences in composition between healthy and periodontitis samples 163
From 395 genera or higher taxa, 45 taxa were statistically significantly different between the 164 two groups (p<0.05); of these, 25 taxa had a linear discriminant analysis (LDA) score above 2 and 165 the majority (17 of 25 taxa) were associated with disease ( Figure 4 ). Taxa are ranked by the effect 166 size in LEfSe. 167 The most discriminative taxa in the samples of healthy animals were Gastranaerophilales, 168 Planifilum, Burkholderia and Arcobacter; in animals with periodontitis, the most discriminative taxa 169 were Elusimicrobia, Synergistes, Propionivibrio and Fusobacteria (Figure 4) . The present study is the first to use high-throughput 16S rRNA gene sequencing to compare 174 bacterial populations present in bovine oral health and periodontitis. It was shown that a statistically 175 significant difference exists between the microbiome in bovine oral health and periodontitis, with The human and animal oral cavity houses a complex and diverse microbial community that 179 plays a critical role in health and disease. To date, approximately 700 species have been described in 180 the human oral cavity, of which approximately 32% have not yet been cultivated (Chen et al., 2010) . 181 Recent advances in gene sequencing and bioinformatics technology have enabled the taxonomic 8 182 identification of previously unknown microorganisms and made it possible to more accurately 183 describe the richness and diversity of a specific microbiome, essentially superseding Sanger 16S 184 rRNA gene sequencing for bacterial community analysis. representing 18 phyla, of which the most prevalent were Proteobacteria (75.2%), Bacteroidetes 198 (9.3%), Firmicutes (6.7%), Spirochaetes (1.8%), Fusobacteria (1.3%) and Actinobacteria (0.6%). The 199 most prevalent genera were Moraxella (10.9%), Thermomonas (6.9%), Neisseria (4.9%) and 200 Pasteurella (4.3%).
201
In the present study, the taxa Gastranaerophilales, Planifilum, Burkholderia and Arcobacter 202 were the most prevalent in healthy animals, while Elusimicrobia, Synergistes and Propionivibrio were 203 most frequently observed in the oral microbiota of cattle with periodontitis. However, little is known 204 regarding these microorganisms. Fusobacteria, Wolinella, Porphyromonas, Prevotella and 205 Treponema were also found at high prevalence in bovine periodontitis lesions.
206
The Fusobacteria phylum, which contains bacteria of the genus Fusobacterium, has been 207 recognised as part of the subgingival microbiota for more than 100 years. In cattle, Fusobacterium 9 208 nucleatum was detected in culture of periodontitis lesions (Blobel et al., 1987; Botteon et al., 1993) .
209
Fusobacterium naviforme, Fusobacterium necrophorum and F. nucleatum have been identified in 210 sheep with 'broken mouth' periodontitis (McCourtie et al., 1989) and F. necrophorum has been 211 identified in goats with periodontitis (Suzuki et al., 2006) .
212
The Fusobacterium genus is one of the main constituents of the normal oral microbiota of cats 213 (Love et al., 1990) and several species of the genus, such as Fusobacterium alocis (Hardham et al., 214 2005), Fusobacterium canifelinum (Conrads et al., 2004; Dahlén et al., 2012) and F. nucleatum 215 (Nishiyama et al., 2007) , have been detected in dogs with and without periodontitis. 
221
In cattle, these two genera appear to play an important role in the lesions of animals with 222 periodontitis (Blobel et al., 1987; Botteon et al., 1993; Dutra et al., 1986 Dutra et al., , 2000 . When evaluating the 223 presence of Prevotella and Porphyromonas species in the bovine microbiota with and without 224 periodontitis, Borsanelli et al. (2015b) found that the occurrence of Porphyromonas asaccharolytica, 225 Porphyromonas endodontalis, Prevotella buccae, Prevotella intermedia, Prevotella melaninogenica 226 and Prevotella oralis was associated with bovine periodontitis.
227
There are a variety of quantitative and qualitative studies that evaluated Treponema species 228 involved in human periodontitis or healthy sites (Sato and Kuramitsu, 2000; Asai et al., 2002) , as 229 well as in dogs with periodontitis (Riviere et al., 1996; Nordhoff et al., 2008) . Several species of the 230 genus Treponema were identified in periodontal lesions of sheep (Borsanelli et al., 2016b) , and in 231 cattle Treponema amylovorum, Treponema maltophilum and Treponema denticola were detected in 232 the microbiota of animals with periodontitis (Borsanelli et al., 2015a) . This genus was also found at 233 high levels in horses with periodontitis (Kennedy et al., 2016) .
No previous study has characterised the bovine oral microbiome in as much detail as presented 235 in the current study. Samples from bovine oral health and periodontitis had different microbial 236 profiles, but the diversity of the bacteria found in health and periodontitis were similar; bacteria 237 commonly recognised as periodontal pathogens showed an increased abundance in disease. In this Segata, N., Izard, J., Waldron, L., Gevers, D., Miropolsky, L., Garrett, W.S., Huttenhower, C., 2011.
344
Metagenomic biomarker discovery and explanation. Genome Biol. 12, R60. 
369
Identified OTUs were randomly subsampled to 50% and log 2 -transformed prior to the PCA. Forty-five taxa were statistically significantly different between the two groups. Only taxa with an 378 LDA score of two or above are shown. Taxa are ranked by the effect size in LEfSe.
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Introduction
55
Periodontitis is a polymicrobial infectious disease initiated by a synergistic and dysbiotic 56 microbial community (Hajishengallis and Lamont, 2012) that affects the health, production and 57 welfare of ruminants. Usually neglected in animal production, it is a purulent, chronic and progressive 58 infectious process that causes cumulative changes that occur throughout the lives of animals that is 59 characterised by periodontal pocket formation, gingival recession, mobility, loss of clinical insertion 60 and premature tooth loss (Page and Schroeder, 1976; Döbereiner et al., 2000; Borsanelli et al., 2016a) . 119  120  121  122  123  124  125  126  127  128  129  130  131  132  133  134  135  136  137  138  139  140  141  142  143  144  145  146  147  148  149  150  151  152  153  154  155  156  157  158  159  160  161  162  163  164  165  166  167  168  169  170  171  172  173  174  175  176  177 sheep and dogs with and without periodontal lesions (Riggio et al., 2011 (Riggio et al., , 2013 Kennedy et al., 2016) 80 and to determine the oral microbiome of periodontally healthy dogs and cats (Dewhirst et al., 2012; 81 Holcombe et al., 2014; Sturgeon et al., 2014) .
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Differences in composition between healthy and periodontitis samples 163
From 395 genera or higher taxa, 45 taxa were statistically significantly different between the 164 two groups (p<0.05); of these, 25 taxa had a linear discriminant analysis (LDA) score above 2 and 165 the majority (17 of 25 taxa) were associated with disease ( Figure 4 ). Taxa are ranked by the effect 166 size in LEfSe.
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